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We	 present	 a	 comprehensive	 review	 of	 existing	 literature	 on	 surgical	 corneal	 neurotization	 (SCN)	 as	
a	 treatment	 modality	 for	 neurotrophic	 keratopathy	 (NK)	 with	 an	 interim	 report	 of	 seven	 cases	 where	
SCN	was	performed	using	the	 indirect	approach	and	followed	up	till	18	months	postoperatively	to	 look	
for	 improvement	 in	ocular	 surface,	 corneal	 sensations,	 and	nerve	 regeneration	by	using in vivo confocal	
microscopy	(IVCM).	A	literature	search	was	performed	for	publications	with	keywords	“corneal	nerves,”	
“neurotization,”	 “esthesiometry,”	 “corneal	 anesthesia,”	 and	 “neurotrophic	 keratopathy.”	All	 literature	
available	till	December	31,	2020	was	reviewed	and	included	to	describe	NK	and	its	management	options,	
particularly	 SCN.	 NK	 is	 associated	 with	 absent	 or	 reduced	 corneal	 sensations	 and	 is	 managed	 using	
a	 step‑ladder	 algorithm	 ranging	 from	medical	 management	 for	 symptomatic	 relief	 to	 surgical	 corneal	
neurotization.	 Both	 direct	 and	 indirect	 approaches	 of	 SCN	 have	 a	 favorable	 outcome	 with	 reduced	
surgical	morbidity	in	the	indirect	approach	using	sural	nerve	graft.	Post	neurotization,	corneal	sensation	
recovery	may	take	up	to	3–6	months,	while	nerve	regeneration	on	confocal	microscopy	can	take	as	long	as	
6	months–1	year.

Key words:	Corneal	anesthesia,	corneal	nerves,	esthesiometry,	neurotization,	neurotrophic	keratopathy

1The	Cornea	 Institute,	KAR	Campus,	 2Ophthalmic	Plastic	 Surgery	
Service,	3Ophthalmic	Plastic	Surgery,	Aesthetics	and	Faciomaxillary	
Surgery	Service,	4Centre	for	Rare	Eye	Diseases	and	Ocular	Genetics,	
5Jasti	V	Ramanamma	Children’s	Eye	Care	Center,	L	V	Prasad	Eye	
Institute,	Hyderabad,	Telangana,	6The	Cornea	Institute,	MTC	Campus,	
7Ophthalmic	Plastic	 Surgery	and	Aesthetics,	Ocular	Oncology,	L	V	
Prasad	Eye	 Institute,	Bhubaneswar,	Odisha,	 8The	Cornea	 Institute,	
GMRV	Campus,	9Ophthalmic	Plastic	Surgery	and	Aesthetics,	Ocular	
Oncology,	KVC	Campus,	 L	V	Prasad	Eye	 Institute,	Vijayawada,	
Andhra	Pradesh,	 10Basavatarakam,	 Indo	American	Cancer	Hospital	
and	Research	Institute,	Hyderabad,	Telangana,	India

Correspondence	 to:	Dr.	Muralidhar	Ramappa,	Head,	Centre	 for	
Rare	Eye	Diseases	and	Ocular	Genetics,	Consultant,	Cornea	Institute	
and	 Jasti	V	Ramanamma	Children’s	Eye	Care	Center,	L	V	Prasad	
Eye	Institute,	L	V	Prasad	Marg,	Banjara	Hills,	Hyderabad	‑	500	034,	
Telangana,	India.	E‑mail:	muralidhar@lvpei.org

Received:	21‑Aug‑2021 Revision:	24‑Oct‑2021
Accepted:	10‑Jan‑2022	 Published:	31‑May‑2022

Corneal	 healing	 response	 requires	 the	presence	of	 normal	
corneal	sensations.[1‑4]	Neurotrophic	keratopathy	(NK)	results	
from	 impairment	of	 corneal	 innervation	 cascade.[3] Various 
causes	of	NK	 include	neuropathy,	diabetes	mellitus	 (DM),	
herpetic	keratitis,	 trauma,	 chemical	or	 electrical	 injury,	 and	
iatrogenic.[5,6]	Neural	 regeneration	 is	 a	 remote	 possibility	
if	 the	underlying	 cause	 is	not	 reversible.	The	use	of	 scleral	
contact	 lenses	 and	 nerve	 growth	 factors	 (NGF)	 has	 been	
described.[5,7‑9]	Surgical	corneal	neurotization	(SCN)	has	shown	
great	promise	but	remains	to	be	explored	further.	We	discuss	
various	 techniques	 and	approaches	 to	neurotization	of	 the	
cornea	in	this	review	and	describe	our	own	experience	in	the	
form	of	an	 interim	report	of	 seven	cases	and	 their	outcome	
post	neurotization.

Method of Literature Search
The	literature	search	was	done	on	PubMed	by	using	keywords	
“corneal	nerves,”	“neurotization,”	“esthesiometry,”	“corneal	
anesthesia,”	 and	 “neurotrophic	 keratitis.”	 The	 literature	
available	 till	December	2020	was	 reviewed	and	 included	 to	
explore	the	features	of	NK	and	its	management	particularly	
SCN.	Only	English‑language	articles	were	included.

Corneal  Innervation
An	intact	neural	channel	is	essential	for	the	cornea	to	maintain	
its	epithelial	barrier	and	tear	film	function.[1‑4]	Cornea	is	the	most	
densely	innervated	tissue	in	the	human	body,	with	over	1.5%	
of	nerve	fibers	 from	 trigeminal	 (TG)	ganglion	 supplying	 it	
through	70–80	long	ciliary	nerves.[2]	The	nerve	fibers	terminate	
in	free	nerve	endings	in	the	corneal	epithelium	and	lose	their	
myelin	sheath	as	they	pass	2–3	mm	deeper	at	the	level	of	the	
anterior	third	of	the	stroma.	They	further	interdigitate	and	form	
three	plexuses	at	the	subepithelial/subbasal,	anterior	stroma,	
and	mid	stromal	level.	The	subbasal	nerve	plexus	has	thinner	
nerve	fibers	with	both	 sensory	and	autonomic	 functions.[10] 
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Around	1–2	mm	 inferonasal	 to	 the	 corneal	 apex,	 they	 form	
a	whorl‑like	pattern.[11]	 Several	neurotrophic	 factors	 such	as	
substance P and	epidermal	growth	factor	(EGF)	released	from	
the	nerve	fibers	help	maintain	a	healthy	epithelial	barrier	and	
promote	wound	healing.[12]

Neurotrophic Keratopathy
An	insensate	cornea	with	abnormal	corneal	nerve	functions	
leads	 to	 the	 development	 of	NK.	 Table	 1 enumerates the 
various	 causes	of	NK	classified	as	 congenital	 and	acquired	
ones.	Congenital	causes	are	rare	and	include	familial	corneal	
hypesthesia,	and	congenital	corneal	anesthesia	(CCA).	They	are	
associated	with	recurrent	red‑eye	in	children	with	non‑healing	
NK.[13]	Though	CCA	may	be	an	 isolated	disorder,	 it	 can	be	
seen	 in	 association	with	mesenchymal	dysgeneses	 such	 as	
Goldenhar’s	syndrome	and	vertebral	abnormalities,	anal	atresia,	
cardiac	anomalies,	trachea‑esophageal	fistula,	and	renal	and	
limb	deformities	(VACTERL).[14,15]	It	may	be	seen	in	association	
with	 anhidrosis	 and	 congenital	 insensitivity	 to	 pain.[14,15] 
Typically,	CCA	is	bilateral	and	rarely	unilateral.[14,15]	It	may	be	
associated	with	posterior	fossa	tumors	in	children.[16]	Acquired	
causes	 of	NK	 include	DM,	 stroke,	multiple	 sclerosis	 (MS),	
vasculitis,	nutritional	deficiency,	leprosy,	and	other	systemic	
neuropathies.	Local	causes	include	lesions	affecting	the	neural	
channel	 starting	 from	TG	ganglion	up	 to	 the	 corneal	nerve	
endings	 such	 as	meningioma,	 acoustic	 neuroma,	 post‑TG	
neuralgia	surgery,	orbital/facial	trauma	or	surgery,	and	orbital	
tumors.[17,18]	 Corneal	 neuropathies	 secondary	 to	 herpetic	
keratitis,	 chemical	 or	 ocular	 burns,	 and	prolonged	 topical	
anesthetic	use	can	also	produce	NK.[19,20]	Chronic	contact	lens	
wear	along	with	a	history	of	prior	refractive	surgery	are	other	
potential	risk	factors.[21]

Evaluation	of	a	case	of	NK	involves	measurement	of	corneal	
sensations/corneal	nerve	function	or	corneal	esthesiometry.

Measuring corneal sensations
Cotton wisp test
The	 cotton	wisp	 test	 is	 used	 to	 assess	 corneal	 sensations	
qualitatively.	The	patient	looks	straight	with	both	eyes	open	
and	no	 topical	anesthesia.	A	small	fine‑tipped	sterile	cotton	
wisp	is	held	by	the	examiner	standing	behind	the	patient.	It	is	
gently	applied	on	the	patient’s	cornea	from	a	temporal	aspect	
as	the	patient	continues	to	look	ahead.	All	four	quadrants	in	
both	 eyes	 are	 checked,	 and	blink	 responses	 are	 compared.	
Normal	comparable	blink	response	is	characteristic	of	normal	
corneal	sensations.

Corneal aesthesiometer
Cochet–Bonnet	 esthesiometer	 (CBA)	 is	 a	 handheld	device	
that	can	quantitatively	assess	corneal	sensations.[22] It is more 
objective	and	useful	in	the	diagnosis	and	follow‑up	evaluation.	
It	 consists	 of	 a	fine	nylon	 thread	with	 adjustable	 length	 to	
simulate	different	intensities	of	stimuli.	The	longer	the	thread,	
the	lighter	the	stimulus.	The	length	of	the	thread	ranges	from	
5	to	60	mm.	The	pressure	increases	from	11	to	200	mm/g	as	
the	length	is	reduced.[23]	The	length	of	the	thread	at	which	the	
patient	responds	to	half	of	the	stimuli	is	called	corneal	touch	
stimulus.	Further,	a	calibration	curve	is	used	to	convert	this	
threshold	value	to	pressure,	and	the	reciprocal	of	that	gives	
the	corneal	sensitivity.	This	method	has	its	limitations	in	cost,	
reproducibility,	 and	 technical	difficulties	with	 the	 thread’s	
placement	and	alignment.

Newer	techniques	to	measure	corneal	sensitivity	objectively,	
such	as	a	non‑contact	jet	esthesiometer,	have	been	developed	but	
not	popularly	used.[24]	Another	non‑contact	gas	esthesiometer	
was	devised	by	Belmonte	 et al.[25]	 to	measure	mechanical,	
thermal,	and	chemical	corneal	sensitivities.

Stages of NK
Clinically,	NK	is	classified	into	three	stages	as	described	by	
Mackie.[26]

Stage 1
Superficial	punctate	keratopathy	(SPK)	with	corneal	epithelial	
irregularities	and	corneal	edema	is	seen.	Stromal	scarring	and	
superficial	 corneal	 neovascularization	may	develop	 in	 the	
chronic	phase.

Stage 2
Non‑resolving	persistent	epithelial	defect	(PED)	with	smooth	
rolled	up	margin	is	seen	paracentrally	usually	in	the	superior	
half	of	the	cornea.	It	may	be	accompanied	with	stromal	edema	
and	Descemet’s	membrane	 (DM)	 folds	 along	with	 anterior	
chamber	(AC)	inflammation.

Stage 3
Frank	 corneal	 ulcer	with	 associated	 stromal	melting	 and	
thinning	 is	 seen,	which	may	 eventually	 lead	 to	 corneal	
perforation	and	requires	urgent	surgical	management.

Management of NK
The target of therapy is to promote epithelial healing and 
prevent	any	further	corneal	damage.	A	stage‑wise	step‑ladder	
pattern	is	followed	to	manage	NK	[Fig.	1].

Table 1: Causes of neurotrophic keratitis
CONGENITAL
Congenital corneal 
hypoesthesia/anesthesia
Congenital CN palsy

Riley–Day Syndrome
Goldenhar syndrome
Mobius corneal hypesthesia

ACQUIRED
Systemic
Diabetes mellitus
Vitamin A deficiency
Vitamin B complex deficiency
Leprosy
Multiple sclerosis
Vasculitis
Other nutritional deficiency
Age
Local
Neurological

Meningioma
Acoustic neuroma

Infections
Herpes zoster
Herpes simplex

Toxic topical medications
Topical anesthetics
Preservatives
Topical beta‑blockers

Chemical and Thermal burns
Iatrogenic

Orbital or facial trauma surgery
Post TG neuralgia surgery
Post LASIK
Chronic CL wear

TG Trigeminal, LASIK Laser in situ Keratomileusis, CL Contact Lens
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All	 potentially	 toxic	 topical	medications	 are	 stopped.	
The	 use	 of	 topical	 steroids	 and	 topical	 non‑steroidal	
anti‑inflammatory	agents	can	impair	healing	and	potentiate	
stromal	lysis.[27,28]	Treatable	causes	of	NK	such	as	exposure	
keratitis,	limbal	stem	cell	deficiency,	lid	abnormalities,	and	dry	
eye	are	managed	synergistically.	The	use	of	preservative‑free	
eye	drops	is	sufficient	for	Stage	1	NK	in	most	cases.	Stage	2	
NK	is	managed	surgically	with	a	tarsorrhaphy,	conjunctival	
flap,	 or	 amniotic	membrane	 transplantation	 (AMT).[29‑32] 
Bandage	 contact	 lens	 (BCL)	 can	 be	 placed	 to	 potentiate	
epithelial	healing.	Stage	3	NK	with	thinning	can	be	managed	
with	multilayered	AMT	or	tenons	patch	graft.[33,34]	Chemically	
induced	eyelid	ptosis	with	botulinum	toxin	has	been	 tried	
for	 promoting	 epithelial	 healing	 in	 Stage	 2	NK.[35] Frank 
corneal	 perforation	 needs	 to	 be	managed	 surgically	with	
tissue	adhesives	(TA)	and	BCL	placement	in	case	of	smaller	
perforations	(<3	mm)	and	tenons	patch	graft	or	penetrating	
keratoplasty	(PK)	for	large	perforations.[36‑38]	The	outcome	of	
keratoplasty	 in	NK	 is	poor,	with	 the	possibility	of	 corneal	
melt	or	PED	in	such	cases.[38]

Newer	 pharmacological	 options	 for	 the	 promotion	 of	
corneal	healing	in	cases	of	NK	have	been	described.	The	use	
of	 autologous	 serum	drops	 (20%–50%)	has	 shown	variable	
results.[39‑43] Jeng et al.[43]	 demonstrated	 an	 efficacy	 of	 50%	
autologous	serum	drops	 in	23	out	of	25	eyes	with	NK	with	
healing	 in	 a	mean	 time	 of	 22	 days.	With	 the	 presence	 of	
growth	 factors,	 cytokines,	 and	 neuro‑mediators,	 just	 like	
natural	 tears,	 it	 can	promote	 corneal	healing	 and	maintain	
corneal	 homeostasis.[39]	 It	 is	 contraindicated	 in	 patients	
with	 blood	dyscrasia	 and	 anemia.[39,43]	Major	 drawback	 is	
accessibility	 and	 the	 cumbersome	nature	 of	 retrieval	 and	
storage.	 There	 are	 isolated	 reports	 of	 secondary	 corneal	
infections	from	contaminated	serum.[44]	Umbilical	cord	serum	
for	 epithelialization	has	higher	promotional	 growth	 factor	
content.[45,46]	However,	the	lack	of	ease	of	access	limits	its	use	
in	general	practice.

The	use	of	topical	regenerating	agent	(RGTA;	Cacicol20®;	
OTR3,	 Paris,	 France)	 has	 been	 described.[47‑51]	 Complete	
healing	in	73%	of	cases	(8/11)	with	NK	after	a	mean	period	
of	 8.7	weeks	was	 seen	 in	 one	 study.[48]	However,	Arvola	
et al.[49]	reported	failure	of	RGTA	in	67%	of	NK	cases.	RGTA	
contains	 large	polymers	 that	mimic	 heparan	 sulfates	 and	
promote	corneal	epithelial	healing.	A	combination	of	topical	
substance P (SP)	 and	 insulin‑like	 growth	 factor	 1	 (IGF‑1)	
showed	healing	 in	 73%	of	 cases	with	NK	within	 4	weeks	
in	an	open	 study.[52]	Topical	 insulin	has	also	proven	 to	be	
effective	 and	 safe	 in	 treating	 refractory	NK.[53] The drops 
are	used	at	a	concentration	of	1	unit/mL	and	are	prepared	
by	 injecting	 regular	 insulin	 into	 artificial	 tears	with	 a	
polyethylene	 glycol	 and	 propylene	 glycol	 base.[53]	Nerve	
growth	 factor	 (NGF)‑containing	 eye	drops	 are	 efficacious	
in	moderate	 to	 severe	 NK.[2,5,7,8,47,54‑56]	 Cenegermin	 is	 a	
recombinant	form	of	human	NGF	and	is	approved	for	use	
as	an	ophthalmic	solution	0.002%	by	the	United	States	Food	
and	drug	administration	(US‑FDA)	for	managing	NK.	Newer	
medical	therapy	for	NK	has	been	summarized	in	Table	2.

Surgical Corneal Neurotization
The	 major	 drawback	 of	 options	 discussed	 earlier	 is	
non‑addressal	of	the	underlying	cause	of	corneal	anesthesia	
with	 a	 need	 for	 life‑long	medications	 and	 a	 chance	 of	
recurrence.	This	challenge	is	addressed	with	SCN	or	minimally	
invasive	 corneal	 neurotization	 (MICN),	which	 utilizes	 a	
healthy donor nerve graft to re‑innervate the diseased 
cornea.[57‑82]	Surgical	neurotization	is	an	established	treatment	
option	for	brachial	plexus	injury.[83]	The	idea	of	SCN	was	first	
discussed	in	1972	by	Samii.[84]	His	attempt	to	connect	major	
occipital	nerve	to	proximal	ophthalmic	nerve	with	sural	nerve	
graft	had	limited	success.[84]	In	2009,	Terzis	et al.[57] performed 
the	first	 successful	 direct	 SCN	 in	 facial	 nerve	palsy	 cases	
along	with	ipsilateral	(I/L)	TG	nerve	pathology	and	corneal	
anesthesia.	The	last	decade	saw	the	gradual	evolution	of	this	

Figure 1: Flowchart depicting the step‑ladder algorithm used in the management of neurotrophic keratopathy



1908	 Indian Journal of Ophthalmology	 Volume	70	Issue	6

Table 2: Newer pharmacological therapy for Neurotrophic 
keratitis

Recombinant Human Nerve Growth Factor (rhNGF); 
Cenegermin (Oxervate)
Re Genera Ting Agent (RGTA) polymer eye drops (Cacicol20®, 
OTR3, Paris, France)
Combination of topical substance P (SP) and insulin‑like growth 
factor 1 (IGF‑1)
Topical Insulin
Coenzyme Q10 and antisense oligonucleotide that suppresses 
connexin 43 expression
Semaphorins, Neurotrophins 3 and 4

technique.	 SCN	 can	 be	performed	via	 a	direct	 or	 indirect	
approach.	Direct	 SCN	 involves	 the	 direct	 transfer	 of	 the	
donor	nerve	 to	 the	 corneoscleral	 limbus	 to	 reinnervate	 the	
pathological	 cornea.[57‑64] Usual targeted donor nerves are 
supratrochlear	(ST)	and	supraorbital	(SO)	nerves.	Indirect	or	
minimally	invasive	corneal	neurotization	(MICN)	utilizes	an	
intermediary	nerve	graft	connecting	donor	sensory	nerve	to	the	
diseased	cornea.	Indirect	SCN	targets	the	sural	nerve	or	greater	
auricular	 nerve.[58,65‑71]	Minimally	 invasive	 or	 endoscopic	
approach	has	also	been	utilized	for	direct	SCN.[60‑62]

The	ideal	donor	nerve	is	rich	in	axons	and	lies	close	to	the	
pathological	 cornea,	providing	 easy	 access	with	minimum	
surgical	morbidity	during	dissection.	SO	and	ST	are	terminal	
branches	of	the	frontal	nerve,	an	extension	of	the	ophthalmic	
division	of	 the	TG	nerve.	Domeshek	et al.,[72] in a gross and 
histo‑morphometric	 anatomical	 analysis,	 described	 SO	
nerve	at	the	orbital	rim	to	be	the	most	robust	axonal	source	
containing	greater	than	double	the	number	of	ST	fibers	at	the	
same	location,	and	more	than	three	times	SO	or	ST	fibers	6 cm	
distally.	Thus,	 the	proximal	SO	nerve	 is	 the	most	 favorable	
donor	both	for	direct	transfer	and	interposed	graft.	A	thorough	
preoperative	 sensory	nerve	examination	 to	 check	 the	 status	
and	availability	of	a	healthy	donor	nerve	is	performed	before	
planning	SCN.

While	 most	 indications	 are	 common	 between	 two	
approaches,	 there	 are	 few	 exceptions,	 such	 as	 bilateral	
impairment	 of	 the	TG	nerve’s	 ophthalmic	 division	where	
a	direct	 approach	 is	not	possible.	For	 this	 reason,	very	 few	
studies	have	compared	the	outcome	of	the	two	approaches,	
and	those	that	are	available	are	not	randomized	trials.[73] To 
date,	there	is	no	consensus	regarding	the	superiority	of	one	
approach,	and	the	choice	mainly	depends	on	surgeon	choice,	
patient	preference,	 availability	of	healthy	donor	nerve,	 and	
site	of	pathology.

Direct Approach
Contralateral supraorbital and supratrochlear nerve 
transfer[57,74]

A	 bi‑coronal	 incision	 is	made	 3	 cm	 behind	 the	 hairline	
connecting	 one	 auricular	 helix	 to	 another.	 Dissection	 is	
performed	until	the	subgaleal	plane’s	supraorbital	rims,	and	
the	SO	or	ST	nerve	is	traced.	Around	6–12	cm	length	is	needed	
in	 case	 of	 contralateral	 (C/L)	 transfer.	 Through	 an	upper	
eyelid	 incision	and	a	blephorotomy,	 the	nerves	are	directly	
transferred	 to	 the	affected	eye’s	superior	 fornix.	The	donor	
nerve	branches	are	secured	to	the	corneoscleral	limbus	of	the	

affected	eye	with	10‑0	monofilament	nylon	sutures	followed	
by	a	tarsorrhaphy.

Terzis	et al.[57]	in	2009	performed	the	first	successful	direct	
SCN	with	open	direct	transfer	of	C/L	SO	and	ST	nerve	to	the	
pathological	 cornea.	At	 a	mean	 follow‑up	of	 16.3	months,	
improvement	in	corneal	sensations	and	ocular	surface	occurred	
in	all	six	eyes	while	visual	acuity	improved	significantly	in	half	
of	them.	The	major	drawback	was	the	invasive	nature	with	loss	
of	sensations	over	the	C/L	forehead	postoperatively	along	with	
the	disfiguring	large	bicoronal	incision	and	associated	surgical	
morbidity	with	 the	 formation	 of	 neuroma	 and	 subgaleal	
hematoma.[57] Allevi et al.[74]	 in	 2014	described	 a	 case	 of	 a	
woman	with	unilateral	TG	and	facial	nerve	palsy	following	
surgery	 for	vestibular	 schwannoma.	They	performed	direct	
SCN	using	C/L	SO	and	ST	nerve	to	the	diseased	side	followed	
by	cornea	transplantation	6	months	later.	The	patient	gained	
visual	acuity	and	continued	to	maintain	a	healthy	ocular	surface	
post	keratoplasty.

Ipsilateral supraorbital nerve transfer[75-77]

In	cases	where	only	the	I/L	long	ciliary	nerve	is	damaged,	I/L	
SO	nerve	transfer	can	be	performed	with	ease	of	access	and	
minimal	dissection.	 It	was	first	described	by	 Jacinto	 et al.[75] 
in	 2016	 in	 a	patient	with	postocular	 surgery	NK	where	 it	
led	to	regeneration	of	corneal	sensations	6	months	later.	The	
technique	 involves	 creating	a	hemi‑coronal	 incision	behind	
the	hairline,	incising	the	periosteum	2	cm	above	the	superior	
orbital	rim,	and	dissecting	the	SO	nerve’s	deep	branches	which	
are	channeled	through	a	supratarsal	incision	along	the	upper	
lid	crease	and	then	through	blepharotomy	into	the	superior	
conjunctival	fornix	and	to	the	limbus.[76]	While	this	approach	
appears	more	straightforward	due	to	accessibility	and	ease	of	
placement	of	nerves,	it	has	very	limited	application	with	no	
role	in	conditions	such	as	herpetic	keratopathy	where	the	TG	
nerve’s	retrograde	involvement	may	be	seen.[78]

Ipsilateral infraorbital nerve transfer[79]

Menicacci	et al.[79]	in	June	2016	at	Congress	of	the	Italian	Society	
of	Stem	Cells	and	Ocular	Surface	described	direct	transfer	of	I/L	
infraorbital	(IO)	nerve	to	the	anesthetic	cornea	in	a	case	with	
I/L	TG	ophthalmic	division	damage	secondary	to	surgery	for	
removal	of	cranial	nerve	VIII	neurinoma.	Only	superior	fibers	are	
transected	to	avoid	cheek	and	lip	paresthesia	postoperatively.	
Recovery	of	corneal	sensations	and	improvement	in	the	ocular	
surface	along	with	an	increase	in	number	and	caliber	of	nerve	
fibers	was	noted	at	1‑year	follow‑up.

Endoscopic ipsilateral or contralateral supraorbital nerve 
transfer[62]

It	minimizes	surgical	 trauma	and	decreases	 incision	size	and	
postoperative	complication	after	direct	nerve	transfer.	Both	I/L	
and	C/L	transfer	can	be	performed	endoscopically.	I/L	endoscopic	
SO	transfer	was	first	performed	by	Leyngold	et al.[62]	in	cadaveric	
eyes.	The	same	authors	performed	endoscopic	C/L	SO	transfer	
by	using	the	combined	transpalpebral	and	endoscopic	forehead	
approach	to	dissect	the	nerve	via	C/L	upper	eyelid	skin‑crease	
incision	to	expose	the	superior	orbital	rim.[62] SO nerve is then 
dissected	 in	 the	 subgaleal	plane.	A	vertical	 incision	 is	 then	
made	5	mm	behind	the	hairline.	Dissection	is	carried	out	in	the	
subperiosteal	plane	up	to	the	isolated	SO	nerve.	The	periosteum	
is	opened	 to	complete	 the	dissection	endoscopically.	 Isolated	
nerve	branches	are	 tunneled	 to	 the	 I/L	upper	eyelid	 incision	
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in	the	subgaleal	plane	and	directly	transferred	to	the	superior	
fornix	through	a	blepharotomy	and	then	to	the	limbus.	The	major	
advantage	is	reduced	surgical	trauma	and	incision	size.

Indirect Approach
The	 indirect	 approach	 can	be	used	 in	 the	 case	 of	 bilateral	
corneal	 anesthesia	 without	 extensive	 local	 dissection.	
Intermediary	nerve	graft	 connects	donor	 sensory	nerve	 to	
the	diseased	 cornea.	Coaptation	 of	 intermediary	nerve	 to	
donor	sensory	nerve	may	be	end‑to‑end	or	end‑to‑side.	After	
coaptation,	the	extent	of	axons’	growth	into	the	cornea	depends	
on	the	distance	from	the	affected	eye,	time	since	surgery,	and	
patient’s	age.

Sural nerve graft to ipsilateral or contralateral supraorbital 
and supratrochlear nerve[58,69,76]

The	sural	nerve	innervates	the	calf	and	foot	and	is	the	most	easily	
accessible	sensory	nerve	for	grafting.	Dissection	of	10–15‑cm	
length	of	sural	nerve	graft	is	followed	by	the	creation	of	subbrow	
incision	to	dissect	the	C/L	or	I/L	SO	or	ST	nerves.	Fibrin	glue	
and	10‑0	monofilament	nylon	 sutures	 are	used	 to	perform	
end‑to‑end	or	end‑to‑side	coaptation	of	the	graft	with	the	donor	
nerves.	End‑to‑end	coaptation	 is	preferred	 for	most	 cases.[80] 
C/L	cases	would	need	additional	 tunneling	across	 the	nasal	
bridge.	Like	in	the	direct	approach,	nerve	branches	are	further	
tunneled	through	the	upper	lid	incision	and	blepharotomy	into	
the	superior	conjunctival	fornix	and	onwards	to	the	limbus.	This	
is	the	most	employed	technique	of	SCN	to	date.[81]

Elbaz	et al.[58]	in	2014	first	used	sural	nerve	graft	to	connect	
C/L	STN	to	pathological	cornea	in	five	eyes	with	unilateral	TG	
and	facial	nerve	palsy	secondary	to	vestibular	schwannoma.	
Significant	improvement	in	corneal	sensations	was	reported	
in	all	cases	6	months	post‑operatively.[58]

Catapano	 et al.[66]	 in	 2019	described	 indirect	 SCN	with	
sural	nerve	graft	 in	 19	young	eyes	with	 long‑standing	NK.	
Significant	 recovery	 of	 corneal	 sensations	with	 improved	
ocular	surface	and	stable	BCVA	was	noted	in	all	cases.	Among	
these,	 four	eyes	underwent	keratoplasty	24–33	months	after	
SCN	 [two	deep	anterior	 lamellar	keratoplasty	 (DALK),	one	
penetrating	 keratoplasty	 (PK),	 and	 one	 PK	with	 cataract	
surgery].	Complete	re‑epithelialization	occurred	in	these	eyes	
by	4–8	weeks	after	keratoplasty.[66]

Greater auricular nerve graft to ipsilateral supratrochlear 
nerve[65]

The	greater	auricular	nerve	(GAN)	is	a	sensory	nerve	and	arises	
from	 the	 cervical	nerve	plexus.	Limited	 length	of	 the	nerve	
limits	its	use	to	I/L	transfer	only.	Benkhatar	et al.[65] performed 
end‑to‑end	anastomosis	of	the	GAN	graft	to	I/L	ST	nerve	in	a	
case	of	unilateral	NK.

Sural nerve graft to ipsilateral greater auricular nerve[70]

Jowett et al.[70]	 performed	 endoscopic	 dissection	 of	GAN	
through	 infra‑auricular	 incision	 followed	by	 coaptation	 of	
sural	nerve	graft	to	GAN.	Coapted	nerves	are	then	directed	to	
the	pathological	eye.

Acellular nerve allograft for minimally invasive corneal 
neurotization[82]

Most	early	approaches	were	associated	with	disfiguring	large	
scars,	alopecia,	and	donor	site	morbidity.	To	overcome	these	

limitations,	 Leyngold	 et al.[82]	 in	 2019	described	minimally	
invasive	surgical	technique	by	using	acellular	nerve	allograft	
for	 SCN	 in	 patients	with	NK.	After	 dissecting	 the	 donor	
nerve	 locally,	a	70	mm	×	1–3	mm	processed	acellular	nerve	
allograft	 (Avance	Nerve	Graft)	 is	 coapted	 to	 it.	A	 nerve	
connector	or	AMT	is	used	to	protect	end‑to‑end	coaptation.	
No	such	material	is	needed	for	end‑to‑side	coaptation.	Coapted	
bundle	is	then	directed	to	the	affected	eye.	This	is	minimally	
invasive	with	reduced	donor	site	morbidity.

Outcome Measures
Fogagnolo et al.[73]	 in	 2020	 compared	 safety	 and	efficacy	of	
the	 direct	 and	 indirect	 approaches	 in	 a	 non‑randomized	
multicentric	 interventional	 study.	While	 comparing	 the	
outcomes	of	 16	 eyes	 that	underwent	Direct	 SCN	versus	 10	
eyes	in	which	indirect	SCN	was	performed,	they	found	that	
NK	healed	in	all	patients	irrespective	of	the	technique	after	a	
mean	period	of	3.9	months.	They	further	went	on	to	conclude	
that	direct	 and	 indirect	SCN	showed	comparable	outcomes	
one	year	postoperatively.[73]

Indirect	 SCN	 offers	 the	 flexibility	 of	 choice	 of	 donor	
nerve	 graft	 and	 avoids	 large	 coronal	 incision,	 thereby	
reducing	 surgical	morbidity.	With	 indirect	 SCN,	 axon‑rich	
proximal	donor	 sensory	nerve	 can	also	be	used	 for	 corneal	
neurotization.[58]	 Indirect	 SCN	may	 be	 associated	with	
neurinoma	formation	at	the	neurorrhaphy.[75]

Outcome	measures	used	 include	 the	 recovery	of	 corneal	
sensations,	corneal	nerve	recovery	as	seen	on in vivo confocal	
microscopy	(IVCM),	and	histopathology.	Table	3	summarizes	
the	outcome	as	reported	in	the	reviewed	literature.

Recovery of corneal sensations
CBA	 is	 the	most	 employed	objective	 tool	 to	 assess	 corneal	
sensations	perioperatively.[57,58,69]	Some	authors	used	the	cotton	
wisp	method.[61,62,74] Park et al.[81]	in	2020	published	a	systematic	
review	of	the	clinical	outcomes	of	corneal	neurotization	where	
they	 included	 all	 published	 articles	 and	meeting	 abstracts	
between	December	2008	and	February	2019.	They	identified	
54	eyes	 that	underwent	SCN.	Baseline	corneal	sensitivity	of	
2.18	±	5.37	mm	was	reported	with	CBA.	Post	SCN,	it	significantly	
improved	to	40.10	±	18.95	mm	with	a	mean	filament	 length	
change	of	 38.00	mm.	Return	of	 corneal	 sensitivity	 is	more	
complete	in	younger	and	pediatric	age	groups.	All	included	
studies	in	this	review	showed	a	significant	return	of	corneal	
sensations	in	all	cases	at	an	average	of	11.84	±	13.8	months.[81]

Fogagnolo et al.[73]	 compared	 the	outcomes	of	direct	 and	
indirect	SCN	in	terms	of	recovery	of	corneal	sensitivity	and	
reported	comparable	results	with	80%	of	the	direct	SCN	group	
and	83.3%	of	the	indirect	SCN	group	showing	corneal	sensation	
recovery	at	1	year.	They	stated	that	direct	SCN	might	guarantee	
earlier	corneal	sensitivity	recovery	than	indirect	SCN,	which	
is	an	expected	outcome	owing	to	the	distance	of	the	target	site	
from	the	neurorrhaphy.

In vivo confocal microscopy
IVCM	 is	non‑invasive	and	provides	high‑resolution	 images	
of	the	subbasal	nerve	plexus.	Only	five	studies	to	date	have	
described	 the	outcome	of	SCN	 in	 terms	of	 reinnervation	as	
assessed	with	IVCM.	Fung	et al.[67]	were	the	first	to	describe	
its	use	 for	 this	purpose.	They	performed	two	cases	of	SCN,	
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with	indirect	sural	nerve	graft	transfer	to	SO	nerve	approach	
in	 one	 and	 IO	 nerve	 in	 the	 other.	 They	 documented	 the	
growth	of	corneal	nerves	on	IVCM	6	months	later.	Following	
this,	Ting	et al.[63]	published	two	cases	showing	corneal	nerve	
regeneration	 postoperatively	 by	 using	 IVCM.	 Two	 other	
studies	 used	nerve	 regeneration	 on	 IVCM	as	 an	 outcome	
measure,	and	all	four	cases	revealed	corneal	nerve	regeneration	
6	months	post‑SCN.[75,70] Fogagnolo et al.[73] while evaluating 
the	outcome	of	26	eyes	(16	Direct	and	10	indirect	SCN)	noted	
that	 in	 four	 eyes,	 corneal	 subbasal	nerve	plexus	 (SNP)	was	
detected	pre‑operatively	as	well,	while	in	the	remaining	22,	it	
developed	as	early	as	3	months	postoperatively.	In	all	26	cases,	
it	reached	near	normal	status	at	the	1‑year	post‑operative	visit.	
They	reported	a	comparable	outcome	with	both	approaches.

Histopathology
Ting et al.[63]	performed	SCN	for	severe	unilateral	NK	secondary	
to	cerebellopontine	angle	meningioma.	 In	 the	postoperative	
period,	 corneal	 sensations	 returned	 centrally	but	 remained	
absent	infero‑temporally.	However,	at	2	years	post‑SCN,	the	
authors	reported	a	complete	loss	of	sensation	again	followed	
by	 recurrence	of	NK	and	nil	 vision	 in	 the	 eye,	which	 then	
underwent	an	evisceration.	Interestingly,	on	histopathological	
assessment	of	eviscerated	corneoscleral	disc,	after	fixing	it	in	
standard	 10%	buffered	 formalin	 for	 24	h,	 the	 transplanted	
nerve	was	 seen	with	 corneal	 stroma.	Hematoxylin	 and	
eosin	 (H&E)	 stain	 and	 special	 immunohistochemical	 stains	
for	neurofilaments	confirmed	the	presence	of	a	viable	grafted	
nerve	 near	 the	 limbus.	 Fogagnolo	 et al.[73] also performed 
a	histopathological	 examination	of	 a	 cornea	where	optical	
keratoplasty	was	performed	18	months	post‑SCN,	 and	 the	
presence	of	the	transplanted	nerve	in	the	corneal	button	was	
confirmed.

Re-innervation Physiology
Regeneration	of	nerves	post	neurotization	is	due	to	neurotrophic	
factors	rather	than	direct	nerve	sprouting.[63,85] Release of these 
factors	is	secondary	to	Wallerian	degeneration	as	demonstrated	
in	a	 rat	model	 study	on	 lower	 limb	nerves	where	an	 intact	
donor nerve graft laid parallel to the denervated peripheral 
nerve	led	to	gradual	nerve	regeneration.[85]	New	nerves	may	
have	abnormal	branching	and	accessory	thin	nerve	fibers	but	
are	functionally	capable	of	corneal	recovery	and	healthy	blink	
response.[80]

Our Experience
We	present	an	interim	report	of	seven	cases	where	SCN	was	
performed	for	its	various	indications.	Table	4	summarizes	the	
patient	characteristics	and	outcomes.	Seven	cases	with	severe	
unilateral	NK	were	included.	Written	informed	consent	was	
obtained.	Preoperative	evaluation	included	detailed	slit‑lamp	
biomicroscopy	 examination,	 BCVA,	 and	 dilated	 fundus	
examination	where	possible.	Central	 corneal	 sensation	was	
measured	using	the	cotton	wisp	method	in	both	eyes	at	baseline	
as	well	as	at	each	follow‑up.	IVCM	(Nidek	Confoscan	4;	Nidek	
Technologies,	Padova,	Italy)	was	performed	at	baseline	and	at	
follow‑up.	At	each	follow‑up,	the	improvement	in	the	ocular	
surface	was	 assessed	based	on	 symptomatic	 improvement	
and	clinical	examination	 including	blink	 rate,	 improvement	
in	 corneal	 luster,	 tear	dynamics,	 Schirmer’s	values,	 surface	
staining,	and	corneal	sensations.Ta

bl
e 

4:
 D

em
og

ra
ph

y,
 c

lin
ic

al
 c

ha
ra

ct
er

is
tic

s,
 a

nd
 in

te
ri

m
 r

ep
or

t o
f p

at
ie

nt
s 

w
ho

 u
nd

er
w

en
t i

nd
ir

ec
t s

ur
gi

ca
l c

or
ne

al
 n

eu
ro

tiz
at

io
n

P
at

ie
nt

 
nu

m
be

r
A

ge
 a

t 
su

rg
er

y/
S

ex

La
te

ra
lit

y
E

tio
lo

gy
M

ac
ki

e 
st

ag
e

B
C

V
A

 
P

re
 

op
er

at
iv

e

C
or

ne
al

 
fin

di
ng

s
Fa

ci
al

 
P

al
sy

 
(Y

/N
)

P
re

 o
pe

ra
tiv

e 
C

or
ne

al
 

se
ns

at
io

n 
(c

ot
to

n 
w

is
p)

S
ur

ge
ry

La
st

 
fo

llo
w

‑u
p 

(m
on

th
s)

Po
st

‑o
pe

ra
tiv

e 
B

C
V

A
 a

t l
as

t 
fo

llo
w

‑u
p

C
or

ne
al

 
S

en
sa

tio
ns

 
at

 la
st

 
fo

llo
w

‑u
p

R
eg

ro
w

th
 O

f 
ne

rv
e 

fib
er

s 
IV

C
M

 a
t l

as
t 

fo
llo

w
‑u

p 
(Y

/N
)

1
5y

/M
R

E
N

K
2

20
/4

00
C

or
ne

al
 s

ca
r

N
A

bs
en

t
In

di
re

ct
 

S
C

N
18

 m
on

th
s

20
/3

20
Im

pr
ov

ed
, 

Le
ss

er
 th

an
 

no
rm

al
 e

ye

Y

2
7y

/F
LE

N
K

 p
os

t 
ne

ur
ol

og
ic

al
 

ill
ne

ss

2
20

/1
25

C
or

ne
al

 s
ca

r
N

A
bs

en
t

In
di

re
ct

 
S

C
N

18
 m

on
th

s
20

/5
0

Im
pr

ov
ed

N
A

3
1.

5y
/M

R
E

N
K

 P
os

t 
tra

um
at

ic
 

2
20

/3
20

E
xp

os
ur

e 
ke

ra
to

pa
th

y
Y

A
bs

en
t

In
di

re
ct

 
S

C
N

3 
m

on
th

s
20

/2
50

Im
pr

ov
ed

N
A

 

4
9m

/F
LE

N
K

 p
os

t 
he

rp
et

ic
2

C
FC

F
N

eu
ro

tro
ph

ic
 

ke
ra

to
pa

th
y

N
A

bs
en

t
In

di
re

ct
 

S
C

N
18

 m
on

th
s

C
F 

1m
Im

pr
ov

ed
N

A

5
28

y/
F

R
E

N
K

 p
os

t 
he

rp
et

ic
2

20
/5

0
N

eu
ro

tro
ph

ic
 

ke
ra

to
pa

th
y

N
A

bs
en

t
In

di
re

ct
 

S
C

N
18

 m
on

th
s

20
/8

0
Im

pr
ov

ed
Y

6
20

y/
F

R
E

N
K

 p
os

t 
he

rp
et

ic
2

20
/5

0
N

eu
ro

tro
ph

ic
 

ke
ra

to
pa

th
y

N
A

bs
en

t
In

di
re

ct
 

S
C

N
18

 m
on

th
s

20
/2

5
Im

pr
ov

ed
Y

7
38

y/
F

R
E

N
K

 p
os

t 
he

rp
et

ic
2

C
FC

F
P

un
ch

ed
 o

ut
 

co
rn

ea
l u

lc
er

 
w

ith
 T

A
 B

C
L

N
A

bs
en

t
In

di
re

ct
 

S
C

N
13

 m
on

th
s

C
F 

1 
m

Im
pr

ov
ed

N
A

R
E

 R
ig

ht
 e

ye
, L

E
 L

ef
t e

ye
, B

C
V

A
 B

es
t c

or
re

ct
ed

 v
is

ua
l a

cu
ity

, N
K

 N
eu

ro
tro

ph
ic

 k
er

at
op

at
hy

, S
C

N
 S

ur
gi

ca
l c

or
ne

al
 n

eu
ro

tiz
at

io
n,

 C
FC

F 
C

ou
nt

in
g 

fin
ge

rs
 c

lo
se

 to
 fa

ce
, C

F 
1 

m
 C

ou
nt

in
g 

fin
ge

rs
 a

t 1
 m

, I
V

C
M

 In
 v

iv
o 

co
nf

oc
al

 m
ic

ro
sc

op
y,

 T
A

 B
C

L 
Ti

ss
ue

 a
dh

es
iv

e 
ba

nd
ag

e 
co

nt
ac

t l
en

s



June	2022	 	 1913Rathi, et al.: Corneal Neurotization

Surgical Technique
After a thorough preoperative assessment verifying sensory 
function	in	the	donor	nerve,	the	patient	is	placed	in	a	supine	
position and the left leg is prepared for sural nerve graft 
harvest.	Brow	incision	is	made	on	the	C/L	side	and	the	SO	nerve	
is	exposed.	Distance	between	the	dissected	SO	nerve	and	the	
opposite	corneal	limbus	is	measured	to	estimate	the	length	of	
nerve	graft	required.	An	additional	2	cm	is	added	as	a	safety	
margin.	A	subcutaneous	tunnel	is	made	to	the	opposite	upper	
eyelid.	The	sural	nerve	is	identified	in	the	left	leg	via	an	incision	
posterior	 to	 the	 lateral	malleolus.	The	appropriate	 length	of	
the	nerve	 is	harvested	based	on	the	previous	measurement.	
Sural	nerve	graft	is	then	transferred	for	coaptation.	One	end	
of	 the	nerve	 graft	 is	 coapted	 to	 the	dissected	 supraorbital	
nerve	(end‑to‑end	with	10‑0	monofilament	nylon	suture).	The	
other	end	of	the	nerve	graft	is	delivered	to	the	recipient	corneal	
limbus	through	a	blepharotomy	incision.	Nerve	fascicles	are	
exposed	after	 incising	 the	 epineurium.	Fibers	 are	 tunneled	
across	 the	 limbus	with	 free	 ends	 toward	 the	 cornea.	After	
conjunctivotomy	and	 tenotomy,	fibers	 are	delivered	 to	 the	
subtenon	space	where	they	are	fixed	using	10‑0	monofilament	
nylon	suture.

Case 1
A	5‑year‑old	boy	presented	with	a	history	of	pain	and	redness	
in	 the	 right	 eye	 (RE)	 following	 injury	with	 stone	 15	days	
prior.	The	 child	was	fixing	and	 following	 light	with	 the	RE	
at	presentation.	Central	 corneal	ulcer	with	 rolled	edges	and	
stromal	 edema	was	noted.	Clinical	diagnosis	 of	NK	 in	 the	
RE	was	made	and	managed	medically.	Best‑corrected	visual	
acuity	 (BCVA)	 improved	 to	20/400	 (1.3	 logMAR).	Ten	years	
post‑trauma,	absent	corneal	sensations	persisted	even	though	
epithelial	defect	healed	with	corneal	scarring	[Fig.	2a].	SCN	was	
performed	for	RE	at	this	time.	At	the	1‑week	postoperative	visit,	
BCVA	in	the	RE	was	maintained	at	20/400	(1.3	logMAR),	and	
corneal	sensations	were	still	absent.	The	patient	reported	absent	
sensations	on	a	small	part	of	the	C/L	forehead	in	the	ST	nerve	
distribution.	At	1	month	follow‑up,	corneal	sensations	were	still	
lacking,	but	BCVA	improved	to	20/320	(1.2	logMAR).	The	ocular	
surface	was	well	maintained	with	no	 incidence	of	 epithelial	
breakdown	or	persistent	epithelial	defects,	or	NK.	BCVA	was	
maintained	till	the	last	follow‑up	at	18	months	with	a	healthy	
ocular	 surface	 and	 improved	 corneal	 sensations	 [Fig.	 2b].	
IVCM	also	demonstrated	 regrowth	 of	 nerve	 fibers	 at	 last	
follow‑up	[Fig.	2c	and	d].

Case 2
A	 7‑year‑old	 girl	 presented	with	 a	 history	 of	 unknown	
neurological	illness,	following	which	she	was	in	a	comatose	
state	for	3	months.	She	presented	with	pain	and	redness	in	
the	 left	 eye	 (LE)	 for	 8	days.	Clinically,	 she	was	diagnosed	
with	NK	in	the	LE,	managed	medically,	and	BCVA	gradually	
improved	from	counting	fingers	1	m	(CF1m)	to	20/125	(0.79	
logMAR)	with	medical	management.	She	was	noted	to	have	
bilateral	optic	atrophy	owing	to	the	underlying	neurological	
pathology.	One	 year	 later,	 as	 absent	 corneal	 sensations	
persisted,	SCN	was	performed	for	the	LE.	At	1	week,	BCVA	
was	noted	to	be	20/200	(1	logMAR),	which	improved	further	
to	20/50	with	a	healthier	ocular	surface	at	1	month.	Ocular	
surface	stabilized	further	by	18	months	with	improved	corneal	
sensations.

Case 3
A	1.5‑year‑old	boy	was	brought	by	the	parents	with	a	history	of	
injury	to	the	right	side	of	the	head	10	days	prior,	following	which	
he	developed	pain	and	redness	in	the	RE.	The	child	was	noted	
to	have	right‑sided	facial	nerve	palsy	with	2‑mm	lagophthalmos	
RE.	He	was	 diagnosed	with	 exposure	 keratopathy	with	
microbial	keratitis	in	the	RE	after	clinical	examination	and	was	
managed	medically.	The	 infiltrates	had	completely	 resolved	
with	persisting	corneal	scar	and	absent	corneal	sensations	in	
all	quadrants	on	follow‑up.	Nine	years	after	the	initial	trauma,	
SCN	was	performed	 for	 the	RE.	Postoperatively	at	 1	week,	
BCVA	was	maintained	at	 20/320	 (1.2	 logMAR),	 and	absent	
corneal	sensations	persisted.	At	1	month,	corneal	surface	further	
improved	with	 tarsorrhaphy	 in	place	 and	BCVA	 improved	
to	20/250.	Corneal	sensations	recovered	partially	at	3	months	
follow‑up	while	BCVA	was	maintained	at	20/250.

Case 4
A	9‑month‑old	baby	girl	was	brought	with	a	history	of	pain,	
photophobia,	and	redness	in	the	LE	for	1	week.	There	was	no	
history	of	predisposing	 trauma	or	 any	neurological	 illness	
or	 surgery.	On	clinical	 examination,	 corneal	 infiltrates	with	
microbial	keratitis	were	noted,	and	the	condition	was	medically	
managed	on	the	lines	of	herpetic	NK.	Subsequently,	7.5	years	
after	the	initial	presentation,	SCN	was	performed	for	absent	
corneal	 sensations	 in	 the	LE.	BCVA	 in	LE	prior	 to	 surgery	
was	only	 counting	fingers	 close	 to	 the	 face	 (CFCF)	due	 to	
dense	corneal	scar	and	amblyopia.	Ocular	surface	improved	
considerably	 at	 1‑month	postoperative	visit	with	BCVA	of	
20/1200	 and	 improved	 corneal	 sensations.	At	 18	months	
postoperative	follow‑up,	her	BCVA	improved	to	CF	1	m	and	
ocular	surface	as	well	as	corneal	sensations	improved	further.

Case 5
A	28‑year‑old	lady	presented	with	a	history	of	pain,	redness,	
and	whitish	opacification	in	RE	for	the	last	1	month.	Clinically,	
a	diagnosis	 of	RE	Herpes	 zoster	 ophthalmicus	 (HZO)	was	
made,	 and	 the	 condition	was	managed	medically.	Corneal	
sensations	in	the	affected	eye	were	noted	to	be	significantly	
reduced.	One	year	later,	SCN	was	performed	for	RE.	Baseline	
BCVA	before	surgery	was	20/50,	which	improved	to	20/30	at	
1	month	follow‑up	with	a	significant	improvement	in	the	ocular	
surface.	Postoperative	18	months	follow‑up	revealed	further	
improvement	in	ocular	surface	and	corneal	sensations	while	
BCVA	was	20/80	at	this	time	due	to	corneal	scar.	IVCM	revealed	
regenerated	corneal	nerve	fibers	at	18	months.

Case 6
A	20‑year‑old	 lady	presented	 to	 our	 clinic	with	pain	 and	
redness	in	RE	for	the	last	3	months	following	the	occurrence	
of	lesions	on	the	right	side	of	the	face.	On	clinical	examination,	
a	diagnosis	of	RE	HZO	was	made,	and	medical	management	
was	instituted.	One	year	after	primary	pathology,	SCN	was	
performed	for	RE.	BCVA	in	RE	improved	from	20/50	to	20/30,	
and	corneal	sensations	also	recovered	partially	at	3	months	
follow‑up.	By	18	months,	BCVA	improved	further	to	20/25	
with	 significantly	 improved	 ocular	 surface	 and	 corneal	
sensations.	 IVCM	also	 revealed	 regrowth	of	 corneal	nerve	
fibers	[Fig.	3].

Case 7
A	38‑year‑old	 lady	presented	 to	 our	 clinic	with	 recurrent	
episodes	of	pain,	redness	in	the	RE	for	the	past	13	years.	She	
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Figure 2: Clinical photograph of the eye of a patient with post‑traumatic neurotrophic keratopathy preoperatively (a) and at 18 months (b) after indirect 
surgical corneal neurotization and in vivo confocal microscopy images of the same eye preoperatively (c) and 18 months (d) after neurotization
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Figure 3: Clinical photograph of the eye of a patient with post‑herpetic neurotrophic keratopathy preoperatively (a) and at 18 months (b) after indirect 
surgical corneal neurotization and in vivo confocal microscopy images of the same eye preoperatively (c) and 18 months (d) after neurotization
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had	Varicella	 infection	during	 childhood	along	with	ocular	
involvement	in	the	RE.	After	clinical	examination,	a	diagnosis	of	
NK	with	significant	thinning	was	made	for	which	she	underwent	
TA	and	BCL	placement.	Local	 examination	 revealed	absent	
sensations	 along	 the	 supratrochlear	 and	 supraorbital	nerve	
distribution	with	intact	infra‑trochlear	nerve	sensation.	BCVA	in	
RE	was	CFCF.	After	11	months,	she	underwent	SCN	in	the	RE.	
Postoperatively	at	13	months	follow‑up,	her	ocular	surface	had	
stabilized,	and	the	density	of	corneal	scarring	reduced	with	signs	
of	reinnervation	along	the	supra‑trochlear	nerve	distribution.	
Her	vision	improved	to	CF	at	1	meter.	The	patient	emphasized	
that	she	can	now	appreciate	the	instillation	of	eyedrops	in	the	RE.

Discussion
SCN	is	an	evolving	and	promising	technique	with	a	favorable	
outcome	 irrespective	of	 approach.	 It	 can	offer	a	permanent	
cure	 to	NK.	 In	 this	 interim	report	of	 the	 seven	cases	where	
we	 performed	 indirect	 SCN,	 the	mean	 age	 of	 patients	 at	
clinical	presentation	of	NK	was	 14.32	 ±	 13.46	years	 (range:	
9	months–38	years).	Of	these,	two	were	males	and	five	were	
females.	 The	mean	 age	 of	 these	 patients	when	 SCN	was	
performed	was	14.87	±	8.07	years.	The	 cause	of	NK	 in	 four	
patients	was	post‑herpetic,	post‑traumatic	in	two	cases,	and	
it	developed	post	neurological	illness	in	one	case.	The	mean	
follow‑up	was	15.14	±	5.24	months	(range:	3–18	months).	All	
cases	were	noted	to	have	absent	corneal	sensations	at	baseline	
by	using	the	cotton	wisp	method.	Visual	outcome	post	SCN	
was	favorable,	while	corneal	sensations	were	also	seen	to	be	
gradually	recovering	in	all	cases.	In	two	cases,	patients	reported	
reduced	 tactile	 sensations	 on	 the	C/L	 forehead.	 Corneal	
surface	improved	significantly	post	SCN	in	all	cases.	The	last	
follow‑up	ranged	from	3–18	months	with	five	cases	followed	
up	till	18	months	postoperatively,	while	one	case	was	followed	
up	till	3	months	and	another	till	13	months.	The	outcome	at	
further	follow‑up	remains	to	be	studied.	Most	of	these	cases	
shall	be	planned	 for	 future	keratoplasty	around	24	months	
postoperatively	once	the	ocular	surface	has	further	stabilized.

Our	results	are	comparable	with	previous	studies	in	terms	
of	recovery	of	corneal	sensations.	Most	studies	discussed	above	
report	an	improvement	in	the	sensations	only	after	3–6	months	
of	 SCN.	As	 nerve	 growth	 usually	 begins	 a	month	 after	
coaptation	and	progresses	at	a	rate	of	1	mm/day	in	a	healthy	
individual,	we	can	expect	nerve	growth	to	reach	the	cornea	
only	after	3	months,	following	which	the	fascicle	free	nerve	
endings	go	on	to	innervate	the	cornea,	which	may	take	a	few	
additional	weeks.	This	is	to	say	that	in	the	best‑case	scenario,	
we	expect	corneal	sensations	to	appear	only	5–6	months	after	
the	procedure,	and	regrowth	of	corneal	nerve	fibers	on	IVCM	
may	take	as	long	as	6	months–1	year.	We	performed	IVCM	in	
three	of	our	cases,	which	revealed	a	favorable	outcome	with	
newly	sprouted	nerve	fibers	seen	in	all	at	18	months	follow‑up.	
These	nerve	fibers	are	expectedly	less	in	number	as	compared	
to	a	normal	eye.	Thus,	the	course	of	improvement	in	our	cases	
needs	to	be	ascertained	with	further	follow‑up.

Future Directions
Surgical	corneal	neurotization	in	cases	of	NK	can	potentially	
create	 a	 healthy	bed	 for	 any	 future	 corneal	 transplants.	 It	
remains	to	be	seen	how	postoperative	adjuvant	therapy	in	the	
form	of	nerve	growth	factor	can	potentiate	the	outcome	after	a	
successful	SCN.	The	long‑term	outcome	of	SCN	and	the	shelf	

life	of	its	efficacy	need	to	be	ascertained	with	planned	long‑term	
prospective	studies.

Conclusion
Neurotrophic	 keratopathy	 is	 a	 sight‑threatening	 corneal	
pathology	 associated	 with	 absent	 or	 reduced	 corneal	
sensations.	Management	 follows	 a	 step‑ladder	 algorithm.	
Medical	management	corrects	the	symptomatology	and	not	
the	underlying	 cause.	 Surgical	 corneal	 neurotization	may	
correct	 the	underlying	pathology.	 SCN	 can	 be	performed	
using	 the	 direct	 or	 indirect	 approach	with	 favorable	 and	
comparable	 outcomes.	Reduced	 surgical	morbidity	 in	 the	
indirect	approach	using	sural	nerve	graft	makes	it	the	most	
employed	 technique.	 Post	 neurotization,	 recovery	usually	
takes	at	least	3–6	months	to	recover	corneal	sensations,	while	
nerve	regeneration	on	confocal	microscopy	can	take	as	long	
as	6	months–1	year.
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